ABSTRACT
Reagent. grade phosphorus pentachloride was purchased from .the J. T. Baker Chemical Co., Phillipsburg, N.J. Care was taken to prevent decomposition of the sample by transferring it from the shipping container to a suitable sample flask in a dry nitrogen atmosphere. The sample was sublimed to the walls of the sample flask, and volatile impurities were removed by pumping prior to recording each set of diffraction patterns.
An early vapor pressure study of phosphorus pentachlorideg indicated that slight association occurs at temperatures below 100 "C whife at temperatures above 110 "C dissociation to phosphorus trichloride and chlorine becomes important. A recent mass spectral study" has given supporting evidence for association (P&110+ observed) at room temperature. To reduce these complicating effects and to keep exposure times from being excessively long, the sample was introduced into the diffraction chamber through a monel and nickel nozzle assembly heated to 100 "C. -Diffraction patterns were recorded on 4 x 5 in. Kodak process plates at several camera distances using an eiectron diffraction apparatus"* 12 equipped with an r3 sector. The experimental conditions under which the diffraction patterns were recorded using 40 kV eiectrons are given in Table I . Plates were devefoped at 20 "C for 5 min with Kodak D-11 developer. Photographic densities, measured with an automatic recording microphotometer with digital output" 3, were converted to absorbances. Six plates at each camera distance were averaged and used in the structural analysis.
ANALYSIS

OF DATA
Experimental leveled intensity, I,(s), and background intensity, In(s), functions' 4, computed for each of the three camera distances with the use of analytical scattering factors1 '9 1 6, are available from ASIS*. Indices of resolution' ' were 1.07, 1.06 and 1.03 for the 21-, II-, and 6.5-cm camera distances, respectively.
Experimental and calculated molecular intensities and radial distribution functions were computed as previously described14* 17* l8 with the usual corrections applied"* 1g-21. Radial distribution functions were calculated using a Degard damping factor [exp( -0.0015 a2)]. Atomic scattering factors used in all phases of the analysis after leveling of experimental intensities were the partial wave.elastic factors of Cox and Bonhamz2 and the inelastic factors of Tavard et al. 23 . Anharmonicity constants 2o were estimated24 to be 1.6 A-' for the P-Cl bonded distance and were taken to be 1.0 A-' for the Cl ---Cl nonbonded distances.
Soon after the structural analysis began it became apparent that an impurity had been present in the sample. A broad impurity peak in the radial distribution function at 1.4 A, together with infrared spectral analysis of the vapors issuing from the nozzle of the diffraction apparatus showed these impurities to be phosphoryl chloride and hydrogen chloride. The P-O and H-Cl distances account for the appearance of a peak in the radial distribution function at 1.4 A. These impurities were apparently formed during the diffraction experiments by hydrolysis of PCl, , perhaps by water from photographic plates. Estimates of the POCl, present at each camera distance were 15, 8, and 8 mole % at the 21-, 1 l-, and 6.5cm camera distances as inferred from the diffraction. The mole ratio of FOCl,.to HCl was taken as 1 to 2.
Corrections for theimpurities were made by subtracting the intensity contribution due to these impurities from the experimental leveled intensities using appropriate theoretical expressions and the known molecular structures of POC132 '*' 6 and HC12'.
The radial distribution function, the molecular intensity of each camera distance, and the composite molecular intensity were fitted by the appropriate calculated expressions in least squares analyses2' of both the corrected and uncorrected data. Small corrections were made for Bastiansen-Morino shrinkage effects2g in geometrically constrained least squares analyses. These shrinkage corrections, taken from the calculations of Brunvol13', were 0.0007 A for' Cl,, * --Cl,,, 0.007 A for Cl,, ---Cl,, , and 0.0025 A for Cl,, ---Cl,,.
The difference between the mean amplitudes of vibration for the axial and equatorial P-Cl bond lengths, AZ, was taken from Brunvol13' and included as a constraint in the analysis since it was not possible to i=stablish independent values of I.__, and Zcg from the diffraction intensities. The value of AZ calculated by Brunvoll is approximately twice the value estimated with the aid of an approximation31 based on Badger's rule32 which relates variations in force constants to variations in bond lengths.
RESULTS
Experimental and calculated molecular intensities, s&f(s), are compared in The effect of vapor composition on least squares analyses of the molecular intensity for each camera distance was analyzed in detail. It was found that the mean bond length, (P-Cl),,,
, is relatively insensitive to the POCI, and HCI impurities present in the vapor, while the difference between axial and equatorial bond lengths, A(P-CI), is moderately sensitive.
Structural parameters and estimated standard errors derived from least squares analyses are given in Table 2 . The mean amplitudes of vibration are compared with those calcuIated by Brunvoll 3o for a temperature of 298 "K. Estimated amplitudes at 383 "K are also listed. They were calculated roughly from Brunvoll's 298 "K values by assuming that mean square amplitudes vary as coth (hv&kT), where v,, is a weighted average frequency of the modes contributing mqst heavily to the particular amplitude_ The temperature 383 "K was adopted arbitrarily, assuming the temperature drop of the sample upon free expansion was 15". The actual drop appropriate for vibrational relaxation is unknown and may be very different from this figure. Results of the present study are compared with those of previous electron diffraction studies in Table 3 . A matrix of correlation coefficients, based on a least squares fit of the composite molecular intensity using a diagonal weight matrix with elements proportional. to the scattering variable s, is given in- Table 4 . Mean amplitudes of vibration for PCls are of interest since insufficient information is available from the vibrational spectrum to make an unambiguous assignment for this and related molecules. Some spectroscopists36 have assigned the lower of the two e' frequencies to the in-plane equatorial bend, while others have conjectured that the alternative assignment is plausible on the basis of physical arguments3' recently shown to be unreliabl[e3'. The experimental mean amplitudes differ from the calculated values by little more than expected from the uncertainties.. They leave no doubt that the vibrational assignment in which the in-plane equatorial bending frequency is lower than the axial bending is superior to the alternative assignment. Analogous assignments in the cases of PF,', VFs3', AsFS2, and CH,PF,38*40 also are &led for by the electron diffraction studies of the compounds.
In ail cases the results can be understood in an appealingly simple way, adopting the valence shell electron pair model 7s8, 38 The same resolution of pair-_ repulsions that accounts for the fact that axial bonds are longer than equatorial bonds -by virtue of greater axial--equatorial forces than equatorial-equatoria1 forces -also accounts for the greater restoring force for axial bending displacements than for equatorial in-plane bending displacements.
NOTE ADDED IN PROOF
The source of hydrolysis has been discovered to be a very small leak in the wall of the steam-heated line between the nozzle and sample vessel.
